The electrocardiogram should have as much clinical value in infants and children as in adults. Such value, as in adults, must depend upon an accurate knowledge of normal standards which change progressively during infancy and early childhood. Some of the more important measurements in the precordial leads of normal infants are presented and discussed. These measurements, the amplitude and the time of inscription of the intrinsic deflection, are believed to indicate the changing relationship between the mass of the right and left ventricles, and on the basis of these data it is also believed that an earlier and more accurate diagnosis of ventricular hypertrophy can be made at any age.
R ECENT interest in the various forms of congenital and acquired heart disease in infants and children, coupled with a complete lack of adequate standards for the normal electrocardiogram in these age groups, has made apparent the need for the sort of study which will provide useful knowledge about this important method of examination. Heretofore little interest has been given the subject of electrocardiography in children. In fact, even the current literature is unfortunately replete with statements of the limitations and lack of value of this type of data in evaluating the cardiac status of infants and children. It seems probable that this attitude results from a lack of knowledge rather than a specific limitation in the value of the method and should consequently be dispelled by adequate investigation. A detailel study of the electrocardiograms of 650 normal infants and children has already been made and is being published separately.' It has been suggested that in addition to the original material a brief summary of the most important characteristics of the precordial electrocardiogram in infants and young children might be of supplementary value. It is therefore the purpose of this communication to present an abstract of this material which will include data pertaining to the form and measurements of the ventricular deflections in unipolar precordial leads of infants and children from birth to the age of three From the Cardio-Respiratory Division, Department of Medicine, Henry Ford Hospital, Detroit.
Mich. 438 years (table 1) . It is assumed, probably correctly, that the extremity leads of the electrocardiogram are of less value than those from the precordium. These will consequently not be discussed in the present paper.
The two most important practical aspects of the precordial electrocardiogram in normal infants are (1) the form of the QRS complexes in leads from the right and left sides of the precordium, particularly as this pertains to the With regard to the first of these two problems, it has formerly been considered that in the extremity leads right axis deviation constitutes evidence of right ventricular enlargement, and more or less parallels anatomic measurements of relative right ventricular mass Circulation, Volume III, March, 1951 in normal infants. The limitations of this electrocardiographic criterion have been discussed elsewhere and need not be repeated here. Supposedly more accurate criteria, derived from measurements in the precordial cordial leads expressed as a percentage of the amplitude of the RS deflection in the same lead.
2. The time of onset of the RS deflection in the precordial leads, measured from the be- the intrinsic deflection in precordial leads measured from the beginning of QRS in simultaneous standard lead I. Each group of six points represents measurements for each of the precordial leads V, through V6. Note the progression of changes during early infancy and the relation to the adult pattern reached between age groups of 12 to 16 years. lead electrocardiogram, have also been discussed in the original publication' and may be applied to an analysis of the electrocardiograms of normal infants and children. Among these are the following important measurements:
1. The amplitude of the R wave in the pre-ginning of QRS in simultaneous standard lead I. As observed in figures 1 and 2, well marked changes in these measurements are apparent with age. If, as seems reasonable, they represent some relation between the size of the two so 20-,. ventricles, then it may be concluded that there is evidence that the right ventricle is normally larger in comparison with the left from birth to the age of 1 to 3 years than in older children and adults. It may also be seen that the two sets of measurements parallel each other rather closely. Various electrocardiographic studies have utilized similar measurements as criteria for right or left ventricular hypertrophy, but no such criteria have as yet been available for the rapidly changing phases of infancy and early childhood. It would appear evident on the basis of such data as summarized here and published in more complete detail in the reference citedi that abnormal degrees of right or left ventricular enlargement should be detectable with reasonable accuracy at any age and probably even with early degrees of enlargement. As will be shown in subsequent publications, these electrocardiographic criteria have actually made it possible to detect the presence of single chamber enlargement during infancy and childhood with greater accuracy than conventional roentgenographic methods and at a time when the latter may reveal completely normal findings.
The second problem is that concerneI with the description of the direction and configfura- infancy and early childhood as well as the exact diagnosis of cardiac defects in this age group depends upon the recognition and proper evaluation of just such ventricular patterns as those described. Two sets of electrocardiograms demonstrating the characteristic patterns of a normal infant and a baby without later evidence of heart disease born to a diabetic mother are shown in figures 3 and 4. The clinical implications of these electrocardiographic findings in normal infants and children deserve further comment. It has already been emphasized that one of the most important practical applications of these data is the accurate and early detection of single chamber enlargement as well as the recognition of other specifically abnormal ventricular patterns. An important corollary of the improved diagnostic accuracy resulting from this knowledge of the electrocardiograms includes, in addition to a better ability to establish a differential clinical diagnosis, greater knowledge about the natural history of congenital cardiac defects together with an improved perspective of problems relating to their prognosis and treatment. As an example, the exact knowledge that a certain degree of left rather than right ventricular hypertrophy is present in an infant with a noncyanotic congenital malformation of the heart may help confirm the clinical diagnosis of patent ductus arteriosus long before other so-called "typical" findings become manifest. This in turn will have at least two advantages. It will, in the first place, make possible definitive therapy if necessary and by so doing may frequently save a life which might otherwise be lost. It will also provide information necessary to a more complete understanding of the basic problems involved in the natural history of this defect. These would include such problems as the relationship between the size of the ductus and the degree of left ventricular hypertrophy, the relationship between compensating or complicating pulmonary hypertension and the size of the right ventricle, the significance of increasing heart size and others. Similar importance of the electrocardiogram could be discussed for all the various forms of congenital cardiovascular de-
fects.
A number of other important applications of this study of the electrocardiograms of normal as well as abnormal infants and children which constitute the subject for further investigation and report may be listed to include the following: (1) The evaluation of so-called borderline electrocardiographic patterns, such as those involving intraventricular conduction defects. (2) These all constitute the subjects for other papers being prepared for publication SUMMARY The principal characteristics of the ventricular deflections in the unipolar precordial electrocardiogram of normal infants from birth to the age of 3 years are described briefly. More complete details have been published elsewhere.' These characteristic features include: (1) evidence of a normal degree of relative right ventricular prepondrance, consisting of large amplitude and late onset of the intrinsic deflection in leads from the right side of the precordium; (2) the presence of upright T waves in leads from the right side and inverted T waves in leads from the left side of the precordium during the first 24 hours of life, followed by a gradual progression to inverted T waves in leads from the right side and upright T waves in leads from the left side of the precordium during the subsequent two to four days; and (3) the presence of multiphasic or inverted T waves in leads from the right and mid precordium in older infants and young children. The practical clinical significance of these various precordial ventricular patterns is emphasized.
